history of auditory hallucinations were screened for a that are attributed to external sources. Until now, the hallucination pattern compatible with an fMRI protocol. knowledge about the cortical network that supports Three patients could be included in the study because such hallucinations has been restricted by methodthey experienced brief episodes of hallucinations lasting ological limitations. Here, we describe an experiment 10-100 s, alternating with hallucination-free periods of with paranoid schizophrenic patients whose on-and a similar duration, and were able to indicate the on-and offset of auditory hallucinations could be monitored offset. within one functional magnetic resonance imaging
. Activation of right sensorimotor cortex in sector d4 (coronal slices) during hallucinations in patients 1 and 2 can be attributed to the button press response with the left hand (Table 2) .
acoustic stimulation protocol served as the basis of Results appropriate reference functions specifying experimental and control conditions (experimental condition ϭ 1, conThe highest correlations between BOLD signal and auditory hallucinations were found in the transverse tempotrol condition ϭ 0). The resulting correlation map was thresholded at p Ͻ 0.0001 (uncorrected), and the coeffiral gyrus (GTT) in all patients and in the retest session (Figures 1 and 2 and Table 1 ; p Ͻ 0.01, corrected). The cients for the correlation between the mean time course of each cluster of activated voxels and the reference significance criterion for hallucination-related activation outside the PAC (p Ͻ 0.0001, uncorrected) was met function were calculated (Tables 1 and 2 ). For the activated clusters in the presumed primary auditory cortex by areas in the posterior superior temporal gyrus, the middle temporal gyrus (GTm), the frontoparietal opercu-(PAC), probability values were in addition corrected for multiple comparisons using the estimates for left and lum, the hippocampus, the amygdala, and sensorimotor cortex contralateral to the hand of the motor response right PAC that were derived by probabilistic mapping and MR volume measurements (Penhune et al., 1996) .
( Figure 3 and Table 2 ). It can be seen from the BOLD signal time courses that the metabolic activity in the Activation of PAC was then thresholded again at p Ͻ 0.01 (corrected) to confirm its activation.
identified areas increased when the patient signaled the onset of an episode of hallucination, remained at a high lation of the BOLD signal time course with acoustic stimulation was observed in the transverse gyrus of level during that episode, and returned to baseline levels immediately after the patient had signaled that the halluHeschl, at the same location as the focus of activation during hallucinations (Table 1) . cination had ended (Figures 2 and 3) . The highest corre- In the audipattern in areas other than the PAC between subjects tory stimulation session, we confirmed that the areas in and scanning sessions would be compatible with interthe GTT that were activated during hallucinations were and intraindividual differences in the reaction to the also activated by tones and verbal auditory stimuli. Activoices but also makes the above interpretations more vation of secondary auditory areas in the superior temspeculative. poral gyrus was also observed for both hallucinations
The sensorimotor cortex activation contralateral to and acoustic stimulations, but it did not show the same the hand that was used for the motor response is the intra-and interindividual consistency of localization as only activation for which we can provide a behavioral the foci in the GTT. sure (PC) and two rotation parameters for midsagittal alignment had to be specified manually in the 3D MPR data set. In the second Experimental Procedures step, the extreme points of the cerebrum were specified. These points, together with the AC and PC coordinates, were then used Subjects to scale the 3D data sets into the dimensions of the standard brain The 46-year-old right-handed male patient 1, the 31-year-old leftof the Talairach 
Generation of Acoustic Stimuli
The high-resolution T1-weighted 3D recording of patient 1 was Acoustic stimuli (spoken text, reversed speech, and pulsed tones used for a surface reconstruction of both hemispheres. The white/ with a carrier frequency of 2000 Hz, 3 ms rise/fall time, 40 ms plateau, gray matter boundary was segmented with a region-growing method. and 54 ms interstimulus interval) were generated on a personal
The discrimination between white and gray matter was improved computer using a commercial soundcard and delivered through a by several manual interactions (e.g., labeling subcortical structures custom-made pneumatic sound transmission device with headas "white matter"). The white/gray matter boundary was finally tesphones that accurately preserves tone frequencies and attenuates selated in a single step using two 
